We present observations of the Rossiter-McLaughlin effect for the transiting exoplanet systems WASP-1, WASP-24, WASP-38 and HAT-P-8, and deduce the orientations of the planetary orbits with respect to the host stars' rotation axes. The planets WASP-24b, WASP-38b and HAT-P-8b appear to move in prograde orbits and be well aligned, having sky-projected spin orbit angles consistent with zero: λ = −4.7 ± 4.0
INTRODUCTION
The process of exoplanet migration has been a hotly debated topic since the first close-in planets were discovered (Mayor & Queloz 1995; . We are able to explore the mechanisms which move planets inwards from large orbits through a statistical analysis of their dynamical properties such as orbital period, eccentricity and spin-orbit alignment. In particular, transiting planets allow us to measure the sky-projected angle (λ) between the stellar c 0000 RAS rotation axis and planetary orbit through measurement of the Rossiter-McLaughlin (RM) effect (Rossiter 1924; McLaughlin 1924) . The effect is caused by the planet sequentially passing over and blocking portions of the rotating stellar surface resulting in a radial velocity (RV) shift which traces the trajectory of the planet across the stellar disc and allows the orbital obliquity to be estimated.
The first measurements of λ found the systems to be well aligned and suggested that the planets had lost orbital angular momentum through interactions with the protoplanetary disc (Lin et al. 1996; Murray et al. 1998) . However, there are now a growing number of planets with highly misaligned and even retrograde orbits which now make up approximately one-third of the systems so far studied. Several theories have been postulated to explain this. For example, it has been suggested that proto-planetary discs may not always be aligned with the stellar rotation axis as previously assumed (Bate, Lodato, & Pringle 2010; Lai, Foucart, & Lin 2010) , although Watson et al. (2010b) found no evidence for misaligned debris-discs in eight systems. Fabrycky & Winn (2009) and Triaud et al. (2010) suggest that another, more dynamically violent process involving interactions with a third body (another planet or star), causes the misaligned orbits (see Rasio & Ford 1996; Wu & Murray 2003; Nagasawa et al. 2008) . Whether a single mechanism or a combination of several is at work remains to be tested by increasing the number of measured systems.
Misaligned orbits appear to be synonymous with eccentricity; six of the eight eccentric systems with measured spin-orbit angles are reported to have obliquities significantly different from zero, XO-3 (Hebrard et al. 2008 ), HD 80606 (Moutou et al. 2009 Pont et al. 2009; Gillon 2009; Winn et al. 2009 ), WASP-8 , WASP-14 ), HAT-P-11 (Winn et al. 2010c ), HAT-P-14 (Winn et al. 2010b ) with HAT-P-2 (Loeillet et al. 2008 ) and HD 17156 (Narita et al. 2009 ) being the exceptions. Although HD 17156 does not show a large sky-projected misalignment, Schlaufman (2010) notes that the stellar rotation axis may be tilted along the line-of-sight. Another trend, noted by Johnson et al. (2009) , is the correlation between planet mass and misalignment. Hébrard et al. (2010) suggests that there could be several populations of planets, with those more massive than Jupiter undergoing a different migration scenario leading to the high spinorbit angles. Winn et al. (2010a) and Schlaufman (2010) find that misaligned orbits are more common in host stars with larger masses/higher effective temperatures. It is suggested that the tidal torques experienced by cooler stars, with deeper convective zones, could cause their envelopes to quickly align with a planet's orbit, thereby erasing any initial misalignment. Exceptions to this effect may be longer period and low mass planets which experience weaker tidal forces and therefore longer tidal timescales.
We present spectroscopic observations of the transiting planets WASP-1b ), WASP-24b (Street et al. 2010) , WASP-38b ) and HAT-P-8b (Latham et al. 2009 ) obtained using the HARPS, SOPHIE and FIES spectrographs to determine their spin-orbit alignments. All the host stars are of similar temperature, ∼ 6100 K, but have diverse physical and dynamical properties which allows us investigate possible trends independent of T eff . WASP-1, WASP-24 and HAT-P-8 are non-eccentric, short period planets (2.3-3.1 d) with masses similar to Jupiter (0.9-1.5 MJ), whereas WASP-38 is a massive planet on a moderately longer period orbit with a small but significant eccentricity (mp = 2.7 MJ, P = 6.9 d, e = 0.032 Barros et al. 2010) . In Section 2 we describe the general data analysis procedures and methods performed to measure the spin-orbit angles. The derived parameters for the four systems are presented in Section 3, and the implications of these are discussed in Section 4.
DATA ANALYSIS

Radial velocity extraction
The data presented in this paper were obtained using three spectrographs; HARPS, SOPHIE and FIES, the instrumental setup and data reduction for each is described in this section. Details of the individual observations and results of each system are discussed in Section 3.
HARPS
The HARPS instrument is a high resolution (R = 110,000) stabailed echelle spectrograph mounted at the La Silla 3.6 m ESO telescope. Observations were conducted in the OBJO mode without simultaneous Thorium-Argon (ThAr) calibration. The wavelength solution was calculated using a ThAr calibration at the start of the night, and HARPS is stable within 1 m s −1 across a night (Rupprecht et al. 2004) , which is much lower than the photon noise on the data points. Spectra were extracted and cross-correlated against a template of a G2V-type star using the HARPS Data Reduction Software (DRS), see Baranne et al. (1996) , Pepe et al. (2002) , Mayor et al. (2003) and Lovis & Pepe (2007) for more details.
SOPHIE
SOPHIE is a cross-dispersed, environmentally-stabilised echelle spectrograph (wavelength range 3872.4-6943.5Å) designed for high-precision radial velocity measurements. The spectrograph was used in high efficiency mode (resolution R = 40,000) with the CCD in slow read-out mode to reduce the read-out noise. Two 3 arc-second diameter optical fibres were used, the first centred on the target and the second on the sky to simultaneously measure its background in case of contamination from scattered moonlight. The spectra were reduced using the SOPHIE pipeline (Perruchot et al. 2008) . Radial velocities were computed from a weighted cross correlation of each spectrum with a numerical mask of G2V spectral type. A Gaussian was fitted to the cross-correlation functions to obtain the radial velocity shift, and the uncertainty was computed using the empirical relation given by Bouchy et al. (2009) and Cameron et al. (2007) .
FIES
The FIES spectrograph is mounted on the 2.5-m Nordic Optical Telescope on La Palma. FIES was used in medium resolution mode (R = 46,000) with simultaneous ThAr calibration. Spectra were extracted using the bespoke data reduction package FIEStool
1 . An IDL cross-correlation routine was used to obtain the radial velocities by finding the maximum of the crosscorrelation functions of 30 spectral orders and taking the mean.
A template spectrum was constructed by shifting and coadding the out-of-transit spectra, against which the individual spectra were cross-correlated to obtain the final velocities. This template was cross-correlated with a high signal-to-noise spectrum of the Sun to obtain the absolute velocity to which the relative RVs were shifted. We estimated the RV uncertainty by σ = RMS(v) / √ N , where v is the RV of the individual orders and N is the number of orders.
When fitting the data, we found that the FIES observations has a reduced χ 2 red = χ 2 /dof > 1 (dof = number of pointsnumber of fitted parameters). This suggests that there is an extra source of noise present which has not been accounted for in the internal errors. The cause may be that the ThAr calibration does not travel through the same light path as the stellar light (Buchhave et al. 2010) , or that because the fibre lacks a scrambler there is non-uniform illumination of the spectrograph (Queloz et al. 1999) . To account for these instrumental effects, 15 m s −1 of uncorrelated noise needed to be added in quadrature to the internal error estimation to obtain a reduced χ 2 value of unity. The photon errors are given in the data tables. whereas the rescaled uncertainties are shown in the figures.
Model fitting
The RM effect and orbit were fitted simultaneously using all the available spectroscopic data. A Keplerian model was used for the orbit, and the analytical approach described in Ohta, Taruya, & Suto (2005) was used to calculate the RM effect. We refer the reader to this paper for a detailed description of the model. The equations were modified to make them dependent on Rp/R * and a/R * rather than Rp, R * and a, to reflect the parameters derived from photometry and reduce the number of free parameters.
We modelled the RM velocity anomaly as vRM = −δvp/(1 − δ) where δ is flux blocked by planet ∼ (Rp/R * ) 2 and vp is sub-planet velocity, i.e. the velocity component of the rotating stellar surface blocked by the planet ∼ xp v sin i /R * , where xp is the x co-ordinate of the position of the planet on the stellar surface, see Figure 5 of Ohta, Taruya, & Suto (2005) .
In brief, the model comprises the following parameters: the orbital period, P ; mid-transit time (in the UTC system), T0; planetary to stellar radius ratio, Rp/R * ; scaled semi-major axis a/R * ; orbital inclination, i; orbital eccentricity, e; longitude of periastron, ω; radial velocity semi-amplitude, K; systemic velocity of orbital dataset, γ; sky projected angle between the stellar rotation axis and orbital angular momentum vector, λ; projected stellar rotational velocity, v sin i; and the stellar linear limb-darkening coefficient, u.
Each dataset was allowed to have a different systemic velocity (γ) to account for instrumental offsets. A linear limb darkening law was assumed, as the quadratic law alters the model by only a few m s −1 and so does not seem justified given the precision of the RM data. As a test, u was left as a free parameter and no significant effect on λ or v sin i was found.
1 http://www.not.iac.es/instruments/fies/fiestool/FIEStool.html Some parameters have been tightly constrained by previous observations (e.g. P , Rp/R * ). We use this information in the form of a penalty function on the χ 2 statistic:
where v i,obs and v i,calc are the ith observed and calculated radial velocities and σi is the corresponding observational error.
A is a fitted parameter, A obs is the parameter value determined from other observations and σ Aobs is the uncertainty in A obs . The value G(0, 1) is a Gaussian randomly generated number of mean = 0 and standard deviation = 1. This allows the uncertainty in A obs to be accounted for in the error budget. Depending on the situation, several penalty functions were used to constrain parameters in the fit and these are described in the individual analyses. If a parameter has asymmetric uncertainties, we have adopted the larger error. Best-fit parameters were obtained by minimising the χ 2 statistic using the IDL-based MPFIT function (Markwardt 2009 ); a least-squares minimisation technique using the Levenberg-Marquardt algorithm. The 1σ best-fit parameter uncertainties were calculated using a Monte-Carlo method. We created 10 5 synthetic data sets by adding a 1σ Gaussian random variable to the data points. The free parameters were reoptimised for each simulated data-set to obtain the distribution of the parameter values. These distributions were not assumed to be Gaussian and the 1σ limits were found from the 15.85% and 84.15% bounds.
ANALYSIS
WASP-1
A transit of WASP-1b was observed with the SOPHIE spectrograph at the 1.93m telescope at Haute-Provence Observatory on the night of 2009 September 24. We acquired 21 spectra of WASP-1 covering the full transit (224 minutes, 12 observations) and a period of duration 156 minutes (9 observations) post transit. No observations were possible prior to transit due the the low altitude of the target at this time. The exposure time was adjusted between 13 and 22 minutes in order to reach a constant signal-to-noise ratio (S/N) of 30 at 550 nm. Atmospheric conditions were stable and the exposure time did not require altering to obtain the required S/N. Moon illumination was 39% and at a distance of > 115
• so this did not significantly affect the radial velocity determination.
To fit the orbit, we used 7 SOPHIE observations obtained during the discovery of the planet ) and 16 FIES spectra taken at various orbital phases between 2009 January 1 and 2009 September 27. The new SOPHIE and FIES observations are shown in Table 1 . Wheatley et al. (2010) observed a secondary eclipse of WASP-1 and found that the eccentricity was consistent with zero, and in the models, e has been set to 0 accordingly. The linear limb-darkening coefficient was chosen from the tables of Claret (2004) (ATLAS models) for the g ′ filter and fixed at u = 0.73. A significant period of time has passed since the discovery of WASP-1 in 2006 and the orbital ephemeris may have drifted, leading to an inaccurate determination of the mid-transit time. To update the ephemeris, we fitted the z-band light curve presented in Charbonneau et al. (2007) , the full I-band transit from Shporer et al. (2007) and a high quality light curve taken on 2010 August 26 by F. Harmuth as part of the TRESCA/ETD project 2 (Poddaný, Brát, & Pejcha 2010) , as shown in Figure 1 . The TRESCA transit was observed using the 1.2-m telescope at Calar Alto observatory, Spain using an R-band filter. A Markov Chain Monte Carlo (MCMC) routine was used to fit the data, see Cameron et al. (2007) and Pollacco et al. (2008) for more details. The non-linear limb darkening coefficients were chosen for the appropriate stellar temperature and photometric passband for each light curve. The parameters found for P , T0, Rp/R * , a/R * and ip were used to constrain the fit in the form of penalty functions, and are shown in Equation 2.
WASP-1b has a low impact parameter, b < 0.2, and in this regime v sin i and λ are highly correlated. The shape of the RM signal is not strongly dependent on λ, whereas the amplitude is dependent on both v sin i and λ. To break this degeneracy we introduced a penalty function on v sin i using the value of 5.79 ± 0.35 km s −1 found from spectroscopic line broadening measurements by Stempels et al. (2007) . The following χ 2 statistic was adopted: The measured parameters and uncertainties are given in Table 5 . Figure 2 shows the data over-plotted with the best-fit model, λ = −79.0 +4.5 • −4.3 • , and the model corresponding to an aligned orbit, λ = 0
• . It is obvious that the amplitude and symmetry of the observations do not match with the aligned model. We conclude that WASP-1 has a severely misaligned orbit with respect to the rotation axis of the host star.
The value of v sin i is constrained by the penalty function and thus the uncertainty in λ is small despite the low impact parameter. It must be noted, however, that deriving v sin i from spectroscopic line broadening is susceptible to systematic errors due to the uncertainties in broadening mechanisms, such as micro-and macroturbulence, which are difficult to quantify. By altering v sin i by ± 1 km s −1 we find that the best-fit value of λ changes by no more than 5
• , so the interpretation of a highly obliquity is retained. The major factor leading the high precision in the determination of λ is the system geometry. In a system with a low impact parameter and large misalignment, the form of the RM effect changes rapidly with λ so it easy to differentiate between different angles. Gaudi & Winn (2007) provide an relationship to estimate the expected uncertainty in λ. Substituting σRV = 8.5 m s −1 , N obs = 12 and the derived values of Rp/R * , b, v sin i and λ into their Equation 16, we obtain σ λ = 5.8
• . This is in good agreement with the value we obtain and the small difference may due to the assumption that v sin i is a free parameter whereas here we constrain it with the penalty function.
WASP-24
A transit of WASP-24b was observed with the HARPS spectrograph on the night of 2010 April 10. We acquired 51 spectra covering the full transit (161 minutes, 22 observations) and a period of duration 212 minutes (28 observations) distributed evenly before and after transit. The atmospheric conditions were stable and the seeing was 0.7 ′′ . We also obtained 2 observations on the nights prior to and post transit to constrain the γ velocity of the transit dataset.
To fit the orbital parameters we obtained 8 HARPS observations between 2010 March 26 and 2010 March 28 and used 10 FIES and 18 CORALIE out-of-transit observations taken during the discovery of the planet (Street et al. 2010 ). The HARPS observations are given in Table 2 . Street et al. (2010) reported that the orbit is not eccentric so e was fixed to 0. The linear limb-darkening coefficient was chosen from the tables of Claret (2004) (ATLAS models) for the V filter and fixed at u = 0.66. Values of the photometric parameters P , T0, Rp/R * , a/R * and ip are taken from Street et al. (2010) and are constrained through the χ 2 fitting statistic below: Figure 3 shows that WASP-24 has a very symmetrical RM effect, moving from red shift to blue shift. This implies that that the planet moves in a prograde, well-aligned orbit. A fit to the observations indicates an obliquity to be λ = −4.7 ± 4.0
• . All the fitted parameters are shown in Table 6 . The fitted value of v sin i = 7.32 ± 0.88 km s −1 matches very well with that found from spectral line fitting, v sin i = 7.0 ± 1.0 km s −1 (Street et al. 2010) . WASP-24b has a high impact parameter (b = 0.65) so a penalty function on v sin iwas not needed. We found that adding such a penalty function constraining v sin i to the value from Street et al. (2010) had no significant effect on the derived parameters. 
WASP-38
The FIES spectrograph was employed to observe a transit of WASP-38 on 2010 June 8. We obtained 27 spectra during the night using an exposure time of 900s, giving 16 intransit and 12 out-of-transit observations. The atmospheric conditions were stable and the seeing was 0.6 ′′ . To fit the orbit we used the SOPHIE and CORALIE out-of-transit data from Barros et al. (2010) . The CORALIE radial velocity point at BJD = 2455404.6205 was removed, as it occurred during transit. To obtain χ 2 red = 1, we required 15 and 8 m s −1 to be added in quadrature to the SOPHIE and CORALIE internal uncertainties, respectively. Barros et al. (2010) found that WASP-38 has a small but significantly eccentric orbit, so we fixed e = 0.0321 and ω = −19
• , since those parameters have little effect on the fitted parameters once the transit ephemeris is specified (Winn et al. 2010b) . The photometric parameters found from light curve fitting 
Although the precision of the radial velocity measurements is lower than from the other spectrographs, we can see from the symmetry and characteristic red-then blue-shift of the RM effect that the planet is generally aligned and not retrograde. A fit to the data yields λ = 15
• which is consistent with zero; the other fitted parameters are listed in Table 7 . The large uncertainty in λ is due in part to the small differences in the shape of the RM effect when λ and b are small. Angles greater than approximately 60
• produce a much more noticeable change in shape per degree than at low angles, as shown in Figure 4 . Thus the data allow us to rule out very high misalignment angles, however further observations are needed to reveal whether a small misalignment exists.
One observation lies more than three sigma from the bestfit model, see the open triangle in Figure 4 . We investigated whether this could be due to an incorrect wavelength calibration, but this does not appear to be the cause. However, seeing changes or guiding issues may be factors. The fit is improved by removing the point, so it was excluded in the analysis. The bestfit value of λ obtained when the discrepant point is retained is −42 +32 • −13 • which is not inconsistent with zero at the 1.3σ level.
HAT-P-8
We observed a transit of HAT-P-8 with the FIES spectrograph on 2010 August 31. An exposure time of 900s was used to obtain 14 in-transit and 14 out-of-transit spectra. The seeing was 0.55 ′′ and weather conditions were good. Between the sixth and seventh in-transit observations, the telescope was repointed when the rotator reached the maximum limit, which required ∼9 minutes but did not affect the quality of the dataset.
We used the HIRES out-of-transit radial velocity points from Latham et al. (2009) to constrain the orbit and fixed the eccentricity of the orbit to zero. The linear limb-darkening coefficient was set to the value found from the tables of Claret (2004) (AT-LAS models) for the V filter, u = 0.69.
Discovery light curves of HAT-P-8 were taken in 2007, so in order to improve the accuracy of the ephemeris, we fitted the two full z-band light curve presented in Latham et al. (2009) and a high quality transit taken on 2010 August 28 by F. Harmuth (TRESCA/ETD), as shown in Figure 5 . The TRESCA observations were taken using the 1.2-m telescope at the Calar Alto Observatory in the R-band. As with WASP-1, an MCMC routine was used to fit the data and the parameters found for P , T0, Rp/R * , a/R * and ip are shown in Equation 6.
An initial fit to the RM data found v sin i ∼ 16 km s −1
(and λ ∼ 8 • ) to be significantly larger than the value of v sin i = 11.5 ± 0.5 km s −1 reported by Latham et al. (2009) . Other similarly fast rotating stars have also been found to show a discrepancy between the value of v sin i derived from spectroscopic line broadening and from RM measurements (e.g. Winn et al. 2007; Triaud et al. 2009 ). It is likely to be the result of the assumption that the line profile asymmetry caused by the planet blocking the rotating stellar surface can be modelled as a shift in the mean line position. For faster rotating stars, the asymmetry in the line profile is better resolved because of the broader line width, which causes a larger apparent shift than expected, as seen here. Hirano et al. (2009) have addressed this issue by modifying the equations presented in Ohta, Taruya, & Suto (2005) to compensate for this effect. We implemented this solution as in Simpson et al. (2010b) and Bayliss et al. (2010) by calculating the RM radial velocity shift as:
where β is the intrinsic line width and σ = v sin i/α, where α is a scaling factor depending on limb darkening parameters (see Equation F6 of H09). We determined β as the quadrature sum of the macrotubulence (vmac), microturbulence (vmic) and instrumental profile. Following Valenti & Fischer (2005) we used vmac = 4.60 km s −1 and vmic = 0.85 km s −1 . The instrumental profile is given by c/R = 6.38 km s −1 , where R is the instrumental resolution 46,000. Thus we determined β = 7.9 km s −1 . We calculated α = 1.31 for the limb darkening coefficients u1 = 0.69 and u2 = 0.
As with WASP-1b and WASP-38b, HAT-P-8b has a low impact parameter and therefore we placed a penalty function on the value of v sin i found by Latham et al. (2009) to constrain the fit. The χ 2 statistic used was: From the form of the RM effect, HAT-P-8 appears to have a prograde aligned orbit, as shown in Figure 6 . A fit to the data yields λ = −9.7 +9.0 • −7.7 • , and the other fitted parameters are shown in Table 8 . As with WASP-38b, the precision of FIES and the combination of low b and λ limits the accuracy of the result, but allows us to rule out highly misaligned orbits. A transit of HAT-P-8b was independently observed with SOPHIE (Moutou et al., in prep.) ; it provides results similar to the ones presented here.
Two observations show a large deviation from the best-fit model and again we could not determine an instrumental cause. We found that the fit was not significantly altered nor improved by removing the points so chose to retain them. The best-fit value of λ having removed the two points (-18 ± 11
• ) is consistent with that found if the points are retained.
CONCLUSIONS
The spectroscopic transits of WASP-1b, WASP-24b, WASP-38b and HAT-P-8b have been observed using the HARPS, SOPHIE and FIES spectrographs. We modelled the RM effects and found the sky projected spin-orbit alignment angle of the systems to be λ = −79.0 Table 8 ) and over-plotted with the best-fit model with residuals shown below. The orbital observations were taken using HIRES (open circles) and the transit sequence using FIES (filled circles). Bottom: The spectroscopic transit, minus the orbital velocity, is shown over-plotted with the best-fit model with the residuals shown below. A dotted line represents the RM effect of an aligned orbit. zero within 2σ. This suggests they could have undergone a relatively non-violent migration process which did not perturb them from the primordial alignment of the proto-planetary disc. Alternatively, tidal interactions may have forced the stellar spin to align with the planetary orbit (Winn et al. 2010a ). By contrast, WASP-1b joins the approximately one-third of planets with misaligned orbits and points towards a dynamically violent evolution such as gravitational scattering by other planets or the three-body Kozai mechanism.
The uncertainties in λ for HAT-P-8b and particularly WASP-38b are relatively large and allow for the possibility that the systems have a small misalignment. These larger uncertainties are due, in part, to the geometry of the systems. Both planets have low impact parameters and in this regime the shape of the RM effect, which largely determines λ, changes very subtly with λ until angles of 60
• are reached. Thus, many values of λ can be fit by the data and the uncertainty is large. This explains how we are able to obtain a much more precise value for WASP-1b which has a value of |λ| which is much greater than zero. In addition, we are also limited by the instrumental noise on the FIES spectrograph and we recommend that further observations of these systems be undertaken to refine the parameters.
We modelled the RM effect using the equations of Ohta, Taruya, & Suto (2005) . However, it has been shown that this formulation does not estimate v sin i well for more rapidly rotating stars. We found this to be the case for HAT-P-8, which was measured to have v sin i = 11.5 ± 0.5 km s −1 from spectroscopic line broadening but a best-fit value of 16 km s −1 from the RM effect. For this case, we used the modified formulation of Hirano et al. (2009) to model the data, and placed a constraint on v sin i using the value from spectroscopic line broadening to break the degeneracy between λ and v sin i at low impact parameters. These modifications did not affect the conclusion that HAT-P-8b appears to be well aligned.
The RM effect allows us to measure the spin-orbit angle in the plane of the sky. However, the line-of-sight alignment can be estimated by comparing the inclinations of the planetary orbit and stellar rotation axes ip and i * . Transiting planets naturally provide a tight constraint on ip given that the orbit must be close to edge-on in order for a eclipse to be observed. The stellar spin axis is more difficult to obtain and may be inferred by comparing the line-of-sight rotational velocity, v sin i, to the true stellar rotation velocity v. Theoretical predictions of v are provided by Schlaufman (2010) for many of the host stars of transiting planets. However, it can also be determined through the relation v = 2πR * /Prot, where Prot, the stellar rotation period, can be measured directly from spot modulation (e.g. Baliunas et al. 1997; Simpson et al. 2010a ) or indirectly from Ca II H & K measurements (Noyes et al. 1984; Watson et al. 2010a ) if this information is available.
The four stars in this study have similar values of T eff (see Tables 5 -8) and 11.8 ± 0.5 km s −1 . This can be explained by supposing that the slower rotating stars are tilted so that we only measure a fraction of the true rotational velocity. WASP-1 is slower rotating than predicted (v sin i = 5.8 km s −1 , vsim = 8.6 km s −1 ) and from this, Schlaufman (2010) deduced that the star and planet are significantly misaligned in the line-of-sight. This method yields four solutions for the inclination of the rotation axis of the star, i * ∼ 40
• , 140
• , 220
• and 320
• . The total alignment angle can be calculated through the following relation: cos ψ = cos i * cos ip + sin i * sin ip cos λ.
Substituting ip = 88.6
• and λ = -79
• , we obtain ψ = 82
• , 84
• , 96
• and 98
• . We therefore conclude that WASP-1b has an almost polar orbit. Schlaufman (2010) did not find WASP-24b and HAT-P-8b to have highly misaligned orbits in the line-ofsight, and WASP-38b has a similar v sin i, so we do not expect it to be misaligned either. This agrees with the lack of evidence for strong misalignments in the plane of the sky from the RM effect in these systems.
Previous authors have noted correlations between spinorbit misalignment and eccentric orbits and massive planets. With e = 0.032 and mp = 2.7 MJ, WASP-38b may be expected to be misaligned, however we find no evidence for high spinorbit angles. Winn et al. (2010a) noted that planets orbiting hot stars, defined as T eff > 6250 K, tend to have misaligned orbits, whereas stars cooler than this host aligned planets. Low mass and long period planets are exceptions, as the timescale for tidal alignment is longer and may not have taken effect. All the planets in this study have temperatures placing them in the cool star category and so WASP-24b, WASP-38b and HAT-P-8b appear to conform with this trend. However, with its ∼ 7 d orbit, WASP-38b has the potential to be an exception and to have retained its primordial spin-orbit angle.
By contrast, the WASP-1 system, with T eff = 6110 ± 45 K, is unexpectedly misaligned. In this way, WASP-1b is similar to CoRoT-1b, which also orbits a cool star, T eff = 5950 ± 150 K (Barge et al. 2008) , and has a highly misaligned, almost polar orbit, λ = 77 ± 11
• (Pont et al. 2010 ) yet is not eccentric. Neither planets are low mass nor long period so do not meet the criteria to be exceptions from aligned orbits around cool stars. To bring the stars into the hot-star regime, the temperatures of CoRoT-1 and WASP-1 would have to be several σ hotter than their best fit value, respectively. Whilst this could be the case, another possibility is that the distinction between cool and hot stars is not discrete and there may be a transition region between the two.
Interestingly, Cameron et al. (2007) reported a nearby stellar companion to WASP-1, and if associated, would have a projected orbital separation of ∼1800 AU. In this regime the Kozai mechanism can take effect and it is thought to significantly perturb planetary orbits. Although beyond the scope of this paper, it would be very informative to investigate whether the migration of WASP-1b could have been caused by interactions with a binary companion, if it is indeed associated.
The rapid increase in the number of measured spin-orbit angles, and the discovery of a large population of misaligned systems, has revolutionised our understanding of planetary migration. It is no longer believed that planet-disc interactions can fully explain the observed distribution of angles and other mechanisms must play a significant role. In this paper we have presented four new measurements of spin-orbit angles, and we find that WASP-1b has a near polar orbit, despite predictions that it would be aligned as it orbits a cool star. By contrast, WASP-38b is a massive planet on a moderately long period, eccentric orbit so has a high likelihood of misalignment but it does not show evidence for a large obliquity. In order to fully understand the processes which are at work, further measurements are needed to allow theories to be compared with a strong observational basis. Morton & Johnson (2010) estimate that a total of 40-100 measurements will be required to be confident in the mechanisms at work, and with the steady flow of new transiting planet discoveries, uncovering the mystery of migration may soon be within our reach.
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